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Increased predation is a major risks of group-living.  To decrease this cost, socially 
living organisms have evolved numerous defense mechanisms from morphological 
adaptions to chemical defenses. The ability to effectively defend the nest from 
invaders is one of the key developments of group-living. And yet, very little is 
known about how phytophagous, eusocial insects, such as aphids or thrips, are 
able to effectively defend their colonies from natural enemies and pathogens.  
Paraponera clavata Pseudoregma nicolaiae Vespula germanica 
Sociality in aphids 
 
Social aphids form tumor-like galls on their host plants, inside which they feed and 
reproduce parthenogenetically. All social aphids possess specialized defenders, 
some of which have morphological adaptations for defense (see above)1. In 
addition to the morphological adaptations, the soldiers have behavioral adaptions 
and will attack invaders with their mouthparts, known as stylets, in a manner that 
appears as if they are feeding on their natural enemies. We describe how a 
species from a divergent social lineage, Pemphigus obesinymphae (Hemiptera: 
Aphididae: Eriosomatinae), which has no morphological adaptations for defense, 
can successfully defend its gall from predators.  
P. obesinymphae soldiers overwhelm a tightly-regulated immunological response, 
the melanization cascade, in their victims, resulting in deterrence and morbidity in 
their natural enemies, and ultimately successful defense of their groups.  
In empty gall 
In P. obesinymphae gall 
Fig. 1: Survival rate of pseudo predators, D. melanogaster larvae, placed in either 
an empty gall (control; gray line) or gall containing P. obesinymphae (black line). 
D. melanogaster larvae placed in gall with aphids had a significantly shorter 
survival than controls (P < 0.0001).    
Aphid soldier are capable of killing natural predators and pseudo predators much 
larger than themselves. To defend their gall from predators, the aphid soldiers 
swarm in a manner similar to that of bees or ants and use their needle-like 
mouthparts to attack the predator (see picture above).  
Fig. 2: After attack by P. obesinymphae, systemic melanization of the Drosophila 
larva is observed. This response is likely due to the overactivation of immune-
regulatory pathways.   
Melanization is the first line of defense in the immune response against 
pathogens5. To further quantify this phenotype, we used real-time PCR to compare 
expression of immune genes before and after attack by aphid soldiers. After 
attack, we found that all genes tested in the melanization pathway were 
upregulated by at least 2-fold in the victim, while no genes solely involved in the 
Toll or Imd signaling pathways were significantly upregulated. 
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Fig. 3: Relative expression of immune gene transcripts involved in the Toll, Imd, 
and melanization pathways in Drosophila larvae either in an empty gall (white 
bar), stabbed with a sterile needle (grey bar) or attacked by aphid soldiers (black 
bar). At 1 hr post-treatment:  
(A)  Cactus (Cact), in Toll pathway, was not transcriptionally induced in any group.  
(B)  Peptidoglycan recognition protein LC (PGRP-LC), in Imd pathway, was not 
overexpressed in any group. 
(C)  Dopa decarboxylase (Ddc), in melanization pathway, was overexpressed 2-
fold in the stab control group and 3-fold in the attacked by aphid soldier group 
compared to controls.  
(D)  Dihydropteridine reductase (Dhpr), in melanization pathway, was induced 
greater than 2-fold in the group attacked by aphid soldiers relative to controls.  
(E)  GTP cyclohydrolase (Punch), in melanization pathway, was expressed 2-fold 
higher in larvae stabbed with a sterile needle and 6-fold higher in larvae 
attacked by aphid soldiers. 
(F)  Tyrosine hydroxylase (Pale), in melanization pathway, was transcriptionally 
induced by greater than 2-fold in stab controls and by greater than 5-fold in 
the treatment group attacked by aphid solders relative to controls.  
Melanization pathway 
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Fig. 4: The average time to death in minutes of Drosophila larvae attacked by 
aphid soldiers (white bar) or unattacked in an empty gall (black bar). Each 
Drosophila line has a mutation in one of the melanization genes shown to be 
overexpressed after attack by aphid soldiers (Punch, Dhpr, Pale and Ddc).  As 
controls, we used wild type Drosophila larvae and a mutant line with a knockdown 
of a gene not involved in an immune response (Glycan mutant). The bars specify 
the standard error and the asterisk indicates a significant difference (P < 0.05).   
We hypothesized that aphid soldiers are overactivating the melanization immune 
response in their victims leading to a build-up of toxic intermediates and ultimately 
death. We found partial recovery of mortality when tyrosine hydroxylase mutant 
Drosophila larvae were attacked by aphid soldier compared to wild-type 
Drosophila larvae (Fig. 4). Tyrosine hydroxylase catalyzes the conversion of 
tyrosine to dopa and is a rate-limiting enzyme in biosynthesis of dopamine2. By 
knocking down the rate-limiting enzyme, we are reducing the melanization 
response, which leads to increased survivorship of Drosophila larvae following 
attack.  
De Gregorio et al. 2001 
Future Directions 
Fig. 6: (A) When a pseudo-predator enters the gall, the aphid soldiers swarm in a 
manner similar to bees and ants.  (B) The aphid soldiers use their needle-like 
mouth parts to pierce the invader. (C) This attack leads to systemic melanization, 
which causes to a build-up of toxic quinones and ultimately death. 
Fig. 5:  A schematic representation of the Drosophila melanization cascade3. 
Under each gene tested, there is a photo of a larva, with a mutation of that gene, 
that has been attacked by aphid soldiers for 1 hr.  The melanization of the pale 
mutant is much lower than that of the other mutant larvae or the wild-type control. 
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To further elucidate the effects of P. obesinymphae attacks at the molecular level, 
we would like to identify possible candidate effector molecules. Like many toxins 
and venoms, the aphid soldiers seem to induce a system wide failure in their 
victims4. Of particular interest are proteases.  Past research has shown that 
soldiers of one social aphid species, Tuberaphis styraci, produce an unusual 
cysteine protease that is secreted when they attack invaders with their 
mouthparts5. However, other social aphids apparently do not share this particular 
proteolytic enzyme6, nor have we found evidence of in Pemphigus. Aphids 
therefore may employ diverse, lineage-specific biochemical strategies for defense 
against natural enemies.  
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